A rod-shaped, yellow, Gram-stain-negative, non-flagellated, aerobic bacterium, designated 5516J-17 T , was isolated from an air sample collected from Jeju Island, Republic of Korea. It grew in the temperature range of 10À37 C (optimum 28-30 C), pH 6.0-11.0 (optimum, pH 7.0) and 0-1 % NaCl (w/v). Phylogenetic trees generated using 16S rRNA gene sequences revealed that strain 5516J-17 T belongs to the genus Spirosoma, showing 96.9 % sequence similarity to the most closely related species, Spirosoma linguale DSM 74 T . The cellular fatty acids comprised large amounts (>10 % of total fatty acids) of summed feature 3 (C 16:1 !7c and/or C 16:1 !6c) and C 16:1 !5c, and moderate amounts (5-10 % of total fatty acids) of iso-C 17:0 3-OH, iso-C 15:0 and C 16:0 . The DNA G+C content was 55.7 mol % and MK-7 was the predominant isoprenoid quinone. Polar lipids were phosphatidylethanolamine, two unknown aminophospholipids, one unknown aminolipid and one unknown lipid. On the basis of this phenotypic and polyphasic taxonomy study, it is suggested that strain 5516J-17 T represents a novel species within the genus Spirosoma, with the proposed name Spirosoma aerophilum. The type strain is 5516J-17
A rod-shaped, yellow, Gram-stain-negative, non-flagellated, aerobic bacterium, designated 5516J-17 T , was isolated from an air sample collected from Jeju Island, Republic of Korea. It grew in the temperature range of 10À37 C (optimum 28-30 C), pH 6.0-11.0 (optimum, pH 7.0) and 0-1 % NaCl (w/v). Phylogenetic trees generated using 16S rRNA gene sequences revealed that strain 5516J-17 T belongs to the genus Spirosoma, showing 96.9 % sequence similarity to the most closely related species, Spirosoma linguale DSM 74 T . The cellular fatty acids comprised large amounts (>10 % of total fatty acids) of summed feature 3 (C 16:1 !7c and/or C 16:1 !6c) and C 16:1 !5c, and moderate amounts (5-10 % of total fatty acids) of iso-C 17:0 3-OH, iso-C 15:0 and C 16:0 . The DNA G+C content was 55.7 mol % and MK-7 was the predominant isoprenoid quinone. Polar lipids were phosphatidylethanolamine, two unknown aminophospholipids, one unknown aminolipid and one unknown lipid. On the basis of this phenotypic and polyphasic taxonomy study, it is suggested that strain 5516J-17 T represents a novel species within the genus Spirosoma, with the proposed name Spirosoma aerophilum. The type strain is 5516J-17 T (= KACC 17323 T = DSM 28388 T = JCM 19950 T ).
At the time of writing, the genus Spirosoma includes eight species with Spirosoma linguale as the type species (List of Prokaryotic Names with Standing in Nomenclature; http:// www.bacterio.net). Members of the genus Spirosoma have been isolated from soil, fresh water, arctic glacial till and the xylem sap extract of Salix caprea. The genus was described as comprising Gram-stain-negative, non-spore-forming, non-motile, obligate aerobes (Larkin & Borrall, 1984) , and later emended as having menaquinone 7 (MK-7) as the predominant quinone, summed feature 3 (comprising iso-C 15:0 2-OH and/or C 16:1 !7c), C 16:1 !5c, iso-C 15:0 and C 16:0 as the major cellular fatty acids and genomic GC contents of 47.2-57.0 mol % (Ahn et al., 2014; Finster et al., 2009) .
Strain 5516J-17 T was isolated from an air sample collected from Jeju Island, Republic of Korea. The air was taken using an MAS-100 air sampler (Merck; single-stage, multiple-hole impactor) equipped with a Petri dish containing R2A agar (BBL) supplemented with cycloheximide (200 µg ml -1 ; Sigma). The Petri dish was incubated at 28 C for 7 days, and several isolates were picked up. 16S rRNA gene sequence analysis showed that strain 5516J-17
T was a member of the genus Spirosoma, but sequence similarities with species of Spirosoma with validly published names were less than 97 %. The strain was preserved by lyophilization with the strain suspended in 10 % (v/v) skimmed milk solution.
The 16S rRNA gene of strain 5516J-17 T was amplified and sequenced by Genotech (Daejeon, Republic of Korea), using primers 27F, 1492R (Lane, 1991) , 518R (5¢-GTA TTACCGCGGCTGCTGG-3¢) and 785F (5¢-GGATTAGA TACCCTGGTA-3¢). The sequence was compared with those of closely related species retrieved from GenBank (http:// www.ncbi.nlm.nih.gov/) and EzBioCloud blast (http:// eztaxon-e.ezbiocloud.net/) (Kim et al., 2012) . The gene sequences were aligned using the SILVA Incremental Aligner (Pruesse et al., 2012) . The phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) tree-making algorithms using the software package, MEGA version 6 (Tamura et al., 2013) . A neighbour-joining tree was reconstructed with Kimura's two-parameter model with pairwise deletions (Kimura, 1980) . A maximum-likelihood tree was reconstructed using the nearest neighbour interchange as the maximum-likelihood heuristic search method. The maximum-parsimony
The GenBank/EMBL/DDBJ accesssion number for the 16S rRNA gene sequence of strain 5516J-17 T is KR024033. tree was inferred using subtree-pruning-regrafting as the MP search method. Tree topology was evaluated by bootstrapping (Felsenstein, 1985) with 1000 replicates. The 16S rRNA gene sequence of strain 5516J-17 T showed the highest sequence similarity (96.9 %) with S. linguale DSM 74 T , revealing less than 95.3 % sequence similarities with all the other species with validly published names. The phylogenetic tree showed that strain 5516J-17
T clustered with members of the genus Spirosoma, forming a subgroup with S. linguale DSM 74
T with high bootstrap value support ( Fig. 1) . Maximum-parsimony and maximum-likelihood trees also showed the same result.
The morphology was visualized by TEM (LEO; LEO 912AB) with cells grown on R2A at 28 C for 2 days. Gram staining was determined using heat-fixed liquid cultures and a Difco Gram-staining kit, according to the manufacturer's instructions. Oxidase activity was tested using 1 % (w/v) tetramethyl-p-phenylenediamine. Catalase activity was detected by bubble production in 3 % (v/v) H 2 O 2 . The optimum and range of temperatures for growth were determined in R2A agar at 4, 10, 15, 20, 25, 28, 30, 37, 40 and 45 C. The pH range for growth was determined by culturing on R2A broth adjusted prior to sterilization to pH 4.0-11.0 (at intervals of 1.0 pH unit) using appropriate biological buffers: with citrate/phosphate buffer, Tris/HCl buffer, HCl or NaOH (Breznak & Costilow, 2007) . Tolerance to NaCl was examined in R2A broth containing 0, 1, 2, 3 and 5 % NaCl (w/v). Hydrolyses of casein, chitin, hypoxanthine, starch, Tween 80, tyrosine and xanthine were tested using R2A as the basal medium, according to the methods of Smibert & Krieg (1994) . DNA hydrolysis was conducted with DNase test agar (Difco). For other phenotypic tests, API 20 NE, API ID 32GN and API ZYM test kits (bioM erieux) were used according to the manufacturer's recommendations. The API ZYM test results were recorded after 4 h incubation at 37 C and the other API tests after 7 days at 28 C. Cells of strain 5516J-17 T were Gram-stain-negative, non-flagellated, non-spore forming rods, (1.0Â2.5-3.5 µm in size; Fig. S1 , available in the online Supplementary Material). Cells grew between 10-37 C (optimum, 28-30 C), pH 6.0-11.0 (optimum, pH 7.0) and 0-1 % NaCl (w/v). Phenotypic comparison among members of the genus Spirosoma is shown in Table 1 . Cell shape, temperature and pH ranges for growth, oxidase, hydrolysis of gelatin and assimilation patterns of various substrates were differentiating characteristics among members of the genus Spirosoma (Table 1 ). In particular, strain 5516J-17
T could be differentiated from S. linguale DSM 74 T , its closest relative, on the basis of the isolation source, cell shape, oxidase activity and ability to assimilate some substrates (Table 1) T were grown on R2A agar medium at 28 C for 1-3 days to the exponential phase of growth. The fatty acids were extracted and analysed according to the method described by the Sherlock Microbial Identification System version 6.1 (MIDI) using the TSBA6.1 database. Menaquinones and polar lipids were extracted and analysed using cells grown on R2A broth at 28 C, according to the method of Minnikin et al. (1984) . Polar lipids were examined using two-dimensional TLC. Total polar lipids were detected by spraying with molybdophosphoric acid, and specific functional groups containing lipids were detected with the following spraying reagents: ninhydrin for free amino groups, molybdenum blue for phosphorus-containing lipids, a-naphthol for sugars and Dragendorff's solution for quaternary nitrogen. The G+C content of the DNA was determined by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002 ) using SYBR Green 1 and a real-time PCR thermocycler (Bio-Rad).
The fatty acids of strain 5516J-17 T were composed of large amounts of summed feature 3 (C 16:1 !7c and/or C 16:1 !6c; 33.9 %) and C 16:1 !5c (18.4 %), and moderate amounts of iso-C 17:0 3-OH (8.6 %), iso-C 15:0 (8.4 %) and C 16:0 (7.1 %). Strain 5516J-17
T showed a fatty acid composition similar to
Spirosoma linguale DSM 74 T (CP001769)
Spirosoma aerolatum 5516J-17 T (KR024033)
Spirosoma endophyticum EX36 T (GQ342559)
Spirosoma spitsbergense SPM-9 T (EF451725)
Spirosoma luteum SPM-10 T (EF451726)

Spirosoma rigui WPCB118 T (EF507900)
Spirosoma arcticum R2-35 T (KF999686)
Spirosoma panaciterrae Gsoil 1519 T (EU370956)
Spirosoma oryzae RHs22 T (KJ155688)
Rudanella lutea members of the genus Spirosoma, while revealing a small difference in the qualitative and quantitative composition ( Table 2 ). The predominant menaquinone of strain 5516J-17 T was MK-7, which was also present in other members of the genus Spirosoma. Polar lipids of strain 5516J-17 T were phosphatidylethanolamine (PE), two unknown aminophospholipids, one unknown aminolipid and one unknown lipid (Fig. S2) . Members of the genus Spirosoma of which the polar lipids were studied contained PE as the major component. However, minor polar lipids varied among species of the genus Spirosoma (Table 1) . The DNA G+C content of strain 5516J-17 T was found to be 55.7 mol %, which was within the range (47.2-57.0 mol %) of the G+C contents of species of the genus Spirosoma with validly published names (Table 1) .
Phylogenetic, chemotaxonomic and phenotypic data clearly indicate that strain 5516J-17
T represents a novel species of the genus Spirosoma, for which the name Spirosoma aerophilum sp. nov. is proposed.
Description of Spirosoma aerophilum sp. nov.
Spirosoma aerophilum (a.e.ro.philum. Gr. n. aer, air; N.L. adj. philus from Gr. adj. philos loving; N.L.neut. adj. aerophilum air-loving).
Cells are aerobic, Gram-stain-negative, non-flagellated, non-spore forming rods with a size of 1.0Â2.5-3.5 µm. Colonies are yellow, irregular, slimy and convex after 2 days on R2A medium. Grows between 10-37 C (optimum 28-30 C), pH 6.0-11.0 (optimum, pH 7.0) and 0-1 % NaCl (w/v). Catalase-positive and oxidase-negative. Hydrolyzes aesculin and Tween 80, but does not hydrolyze casein, chitin, CM-cellulose, DNA, gelatin, hypoxanthine, starch, tyrosine, urea and xanthine. Negative reactions for nitrate reduction, indole production, glucose fermentation and arginine dihydrolase. Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 1 contained iso-C 15:1 H and/or C 13:0 3-OH, summed feature 3 contained C 16: !7c and/or C 16:1 !6c, summed feature 4 contained iso-C 17:1 I and/or anteiso C 17:1 B, summed feature 5 contained C 18:2 !6,9c and/or anteiso-C 18:0 , summed feature 8 contained C 18: !7c and/or C 18:1 !6c and summed feature 9 contained iso-C 17:1 !9c and/or C 16:0 10-methyl.
